Ekincialp: The differences among melon genotypes and varieties under salt stress based on certain morphological and physiological properties - Abstract. Present study aimed to determine the effects of salt stress in 13 melon genotypes and 4 commercial melon varieties collected from the Van Lake Basin. Two doses of salt applications were conducted at 0 mM and 50 mM NaCl concentrations and the plants were cultivated in 3 repeats under 25 ± 2 °C temperature and 16/8 light/dark periods based on the randomized block experimental design in climate chamber conditions. In order to determine the effect of stress, traits such as 0-5 scale, shoot and root lengths, shoot diameters, leaf number, fresh and dry weights of shoots and roots, leaf relative water content, membrane injury index, stoma widths and lengths, stomatal areas and stoma densities were evaluated. The reaction of the genotypes against stress was determined via mixture modeling and PCA analysis. In PCA analysis, three PCA components explained 71.48% of the total variation at 0 mM, while four components explained 69.53% of the total variation at 50 mM. As a result of the mixture modeling analysis, it was observed that 4 sub-populations for 0 mM and 3 sub-populations for 50 mM were formed and it was revealed that the salt-tolerant genotypes were in the sub-population 3 and salt-susceptible genotypes were in the sub-population 1.
Introduction
Especially in arid and semi-arid regions with low precipitation, soil salinity, which occurs with the high surface evaporation due to the effect of incorrect applications such as excessive irrigation and fertilization, is among the increasingly significant abiotic stress factors (Maksimovic and Ilin, 2012; Yıldız and Balkaya, 2016) . While salinity problem exists in 65% of global agricultural lands, this rate is around 20%in Turkey (Yetisir et al., 2016) . Especially, 20% of the 230 million hectares of irrigated global farmlands face salinity problem (Peleg et al., 2011) . Salinity causes stress in plants through different mechanisms. The plant initially undergoes water stress due to low osmotic pressure that occurs in the soil solution (Ashraf and Harris, 2004) . Furthermore, ion imbalance and toxicity occur due to the accumulation of high amounts of Na + and Cl -ions (Lauchli and Grattan, 2007; Aktas et al., 2009 ). Generally, in the salt stress induced by the Na + and Cl -ions, the function and structure of the proteins deteriorate (Tuteja et al., 2012) and harmful effects occur in the function of metabolites at high concentrations of Na + (Agarwal et al., 2013) . Since the tolerance mechanisms, including different genes under environmental conditions, have a complex structure (Ashraf and Harris, 2004) , plants develop extremely diverse responses to salt stress due to their genotypic differences (Çulha and Çakırlar, 2011) . While Levitt (1972) indicated that plants often cope with the negative effects of salt stress through escape, avoidance or tolerance strategies, Munns and Tester (2008) claimed that plant tolerance against soil salinity was ensured through Ekincialp: The differences among melon genotypes and varieties under salt stress based on certain morphological and physiological properties - three components, namely, Na + exclusion, tissue tolerance against Na + , and osmotic tolerance. It was reported that the most effective solution to salt stress is the development of varieties with tolerance ).
Harlan (1951) indicated that Turkey, which is the second highest melon producer globally (FAO, 2013) , was a micro-center for cucurbits, including melon (Sari et al., 2008) . Furthermore, it was reported that Turkey is one of the gene centers for melon (Erdinc et al., 2013) . Van province, which is located in the Eastern Anatolia region in Turkey, is known as one of the gene centers for cantaloupe melon (Turkmen et al., 2008) . Thus, melon could be considered among the basic economic products of Turkey (Dasgan et al., 2012) . It was noted that the threshold of Electrical Conductivity (EC) for the melon with moderate sensitivity against salt was 1 dS m -1 (Maksimovic and Ilin, 2012) . It was reported that although most cultivated plants such as beans, carrots and onions were known to be susceptible to salt (Petropoulos et al., 2017) , melon exhibited a medium tolerance to salt stress, yet the condition was different among varieties due to the presence of tolerant and susceptible varieties (Damianos and Savvas, 2016) .
Selection and breeding studies, conducted to develop high-yield commercial varieties, resulted in a reduced genetic diversity, and inevitably led to a reduction in genetic variations and a lower tolerance of cultivars to abiotic stress conditions. It was considered that genotypes with qualified breeding properties could provide gene resources for future breeding programs through determination of high tolerance genotypes via screening studies.
Mixture modeling intends to recognize previously unobserved homogenous subpopulations involving an apparently heterogeneous data set (Wang et (Yeşilova et al., 2010) to characterize and distinct sub-populations. Mixture modeling is a novel methodology and has two significant benefits than the cluster and factor analysis (Muthén and Muthén, 2014) . The first, for every observation, mixture modeling is settled by the likelihood of consideration inside the subgroup classes. The second, mixture model gives the parameter estimates for every subgroup (Mao et al., 2013) . Present study aimed to determine the effects of salt stress in melon genotypes via mixture modeling and PCA analysis.
Materials and methods

Materials
Fourteen genotypes collected from different regions in Lake Van Basin (Fig. 1) , 3 hybrid cultivars and 1 foreign standard cultivar were used in the present study where the reactions of the melon genotypes to salt stress were examined ( Table 1) .
NaCl treatment
In the study designed with three replications with 5 plants per repetition in randomized block experimental design, the seeds were sown into non-drainage 3-L pots having 2:1 ratio of sterile peat: perlite mixture. The seedlings were irrigated with Hoagland solution (Aktas et al., 2009 
Seedling parameters
The morphological parameters such as shoot and root length, shoot diameter, leaf number, shoot-root fresh and dry weights were determined at the end of the experiment. The root: shoot ratio (Dry weight-DW%) (R: S) was determined after the dry weights were obtained.
Leaf relative water content (LRWC)
In order to determine the leaf relative water content in melon plants, primarily the fresh weights (FW) of the 3 rd and 4 th leaves of the three randomly selected plants in each repetition were determined and were stored in sterile distilled water for 4 h for the leaves to reach the maximum turgor weight (TW) and at the end of this duration their 
Membrane injury index (MII)
The membrane injury index refers to the amount of electrolyte released from the cell. The amount of electrolyte released from the cell under stress conditions was determined with the methods developed by Dlugokecka and Kacperska-Palacz (1978) and Fan and Blake (1994) . The discs retrieved from the third plant leaves were measured for their EC values after being kept in deionized water for 6 h at room temperature, then disc leaves were left in water at 100 °C for 10 min to retrieve the EC values again, and Equation 2 was used for the calculations:
Lt: EC value before autoclaving of stressed leaf/EC value after autoclaving of stressed leaf. Lc: EC value before the control leaf is autoclaved / EC value after the control leaf is autoclaved.
Visual evaluation of salt stress (0-5 scale)
In the scale, used for visual evaluation of the salt injury in the seedlings, the scale values were as follows (Dasgan, 2002 
Stomatal traits
In order to determine the stoma density (StD) (unit mm 2 ), stomatal area (StA) (µm 2 ), stoma width (StW) and length (StL) (μm), the lower epidermis of the 4 th plant leaf was stripped and spread on a slide with two drops of water (Kurtar et al., 2016 
Statistical analysis
In the evaluation of the data obtained with the measurements and observations conducted in the study, the extent of the effects of salt stress on genotypes and varieties were based on the variation rates when compared to the control group and the data were compared using Equation 4:
The mixture modeling statistical analyzes were performed with Mclust (mixture cluster) extension in R 5.2.3 statistical software (R Development Core Team, 2017). 0-5 scale, growth parameters, leaf relative water content, membrane injury index and stomatal features were classified with the Mclust Software. The principal component analysis (PCA) was conducted to identify the patterns of variation within the sets of melon accessions based on 14 properties using the PRINCOM procedure described by SAS (SAS Institute, 2015). Furthermore, Pearson correlation analysis was conducted with SPSS Software in order to determine the correlations among the variables.
Results and discussion
Seedling parameters
The leaf number, shoot diameter, shoot and root length values are presented in Table 2 . It was observed that leaf number decreased in all genotypes and varieties due to salt stress, and the highest proportional decrease occurred in the genotype YYU29 (-54.24%) followed by cv. Lokum F1 with a -52.61% decrease. YYU6 was the genotype that exhibited the lowest proportional decrease in leaf number due to salt stress (-7.46%). While the highest decrease in shoot diameter, -20.33%, was determined in genotype YYU10 when compared to the control group, the shoot diameter of 66.67% of the genotypes increased in saline conditions. It was established that salt stress affected the shoot length negatively in all melon genotypes and varieties. On the contrary, root length increased in half of the genotypes under salt stress. While YYU29 genotype and cv. Lokum F1 were among the most adversely affected melons by salt stress in terms of shoot length (-62.93% and -62.59%, respectively), YYU15 genotype exhibited the lowest decrease in shoot length with a -21.42% decrease, when compared to the control group. Similar to the shoot diameter, YYU10 genotype was the most affected genotype by salt stress, similar to the decrease in root length (-25.31%). When compared to the control group, the highest increase in root length was observed in YYU6 genotype with 41.50%.
Although all genotypes and cultivars were adversely affected by salt stress, it was found that the shoot fresh weights of YYU18 and YYU6 genotypes were the least affected parameters (-13.94% and -18.55%, respectively). It was determined that the genotype with the highest decrease was YYU4, with -56.78%. In the presence of salt stress, increases in shoot dry weight were observed in only 3 genotypes, YYU6, YYU18 and YYU1 (20.00%, 6.76% and 1.11%, respectively). It was determined that about 67% of the genotypes exhibited an increase in root fresh weight in saline conditions and for root dry weight, the increase was 72%. The highest rate of increase was observed in YYU6 genotype in both cases ( Table 3 ). The same trend was also reflected in the root to shoot ratio and 89% of the genotypes demonstrated an increase in root: shoot ratio due to salt stress. While, the highest increase was observed in the YYU6 genotype Ekincialp: The differences among melon genotypes and varieties under salt stress based on certain morphological and physiological properties - Table 4) . It was determined that salt application commonly affected plant growth negatively. Hence, the first response of the plants to salt was the reduction of growth rate and toxic effect symptoms on the leaves and shoot ends (Dasgan et al., 2002) . While all varieties and genotypes were adversely affected in leave number, shoot length and shoot fresh weight, it was established that there existed a variation between genotypes in shoot diameter, root length, shoot dry weight, root fresh and dry weight, and root:shoot rate. The reduction in leaf number ranged between 7.46 to 54.24%. Yetişir et al. (2016) also reported a reduction between 20 and 90% in Turkish gourd genotypes due to salt treatment. The soil salinity and low osmotic potential in the root zone reduce the water intake of plants (Lauchli and Grattan, 2007) . These conditions create a negative effect especially on the fresh weight of plants that are salt intolerant. It was determined that once the amount of salt applied to the soil increased, the growth of plants, and thus the amount of dry matter decreased, hence in turn, the plant growth and the dry matter amount were affected more negatively (Romero et al., 2001) . Although the root system is directly exposed to salinity, leaf growth is more susceptible to salt stress than root growth; therefore, root: shoot ratio increases under salt stress (Çulha and Çakırlar, 2011). Orsini et al. (2013) found that the root: shoot rate increased in plants under salt stress when compare d to control conditions. Thus, it was determined that there was a significant correlation between R: S ratio and RFW (r = 0.501, p ˂ 0.01) and RDW (r = 0.620, p ˂ 0.01) ( Table 5 ). 
Leaf relative water content (LRWC) and Membrane Injury Index (MII)
Among the genotypes and varieties examined in the present study, there was an increase in LRWC only in YYU10 and YYU18 (13.54 and 4.48%, respectively) in saline conditions, and it was determined that the LRWC decreased in all remaining genotypes and varieties due to salinity. While the injury rate varied between 6 and 41% in MII, which was evaluated 18 days after the salt treatment, it was determined that the YYU29 genotype and cv. Napolyon F1 cultivar yielded negative values of -6.18% and -6.54%, respectively ( Table 4) . Salt stress decreased water uptake due to osmotic effect and furthermore led to membrane damage due to ion toxicity (Munns, 2002) . The decrease in LRWC refers to low turgor pressure at limited water conditions (Katerji et al., 1997) and is, therefore, an important indicator of salt tolerance in cultivated plants (Sarabi et al., 2017) . Membrane injury is caused by ion imbalance, which is caused by osmotic inconsistency inside and outside the cell under stress conditions such as salinity and drought (Ghoulam et al., 2002) . It was found that membrane injury was lower in tolerant genotypes when compared to susceptible genotypes (Asha, 2007) . Previous studies indicated that membrane injury increased due to salt stress and thus, MII could be used to determine the stress-effect rate in plants (Jamil et al., 2012) .
Visual evaluation of salt stress (0-5 Scale)
In the 0-5 scale, which commonly assists the visual determination of leave damage, it was observed that cv. Lokum F1 had the highest scale score (2.33) and YYU4, YYU10 and YYU11 genotypes were among the most affected genotypes with a scale score of 2.22. It was observed that YYU18 genotype had the lowest score with 1.33. Furthermore, it was found that 33.3% of the genotypes were more affected by salinity and their scores were above 2.0 ( Table 4) . Several studies reported that the scale findings could be used in estimating the reactions under salt stress by melon (Kusvuran (Table 5 ).
Stomatal traits
It was observed that 78% of the melon cultivars and genotypes exhibited a decrease in stoma length, 56% exhibited a decrease in stomatal width and 61% exhibited a decrease in stomatal area under salt stress, and stoma density increased in 94%. The only negative ratio was observed in stoma density with 11.11% in YYU21 genotype and it was found that the highest increase in LRWC was observed in YYU18 genotype (216.67%), which had prominent scale scores. Thus, it could be observed that the stoma density (StD) increased as StL, StW and StA values decreased under salt stress (Table 6 ). It was reported that this mechanism is a functional plant response to suppress salt stress, regulate the respiration and preserve plant performance (Orsini et al., 2011) and it was also indicated that increased StDdue to increase in salt stress led to an increase in photosynthesis (Chaves et al., 2009 ). Although several studies reported similar findings, indicating that salt stress led to a decrease in stoma dimensions and areas and an increase in stoma density (Orsini et 2017) reported that stoma density decreased due to the increase in salinity and interpreted this as a counter adaptation against salt stress. 
Principle component analysis (PCA)
Principal component analysis (PCA) method was used to determine the traits that led to the variation. Eigen value and variances obtained in the analysis and the properties that led to the differences among the genotypes were determined (Sönmez et al., 2015) . 71.48% of the total variance in fourteen different traits was grouped in 3 PCA groups for the control application and the 69.53% in the 50 mM salt application were grouped in 4 PC groups, and it was found that the two applications were similar in total variance. In the control group, the variation ratios for three principal components were 35.42%, 25.26%, and 10.80%, respectively, and these ratios were observed as 28.16%, 18.56%, 11.62%, and 11.19% in the 4 principal components of in 50 mM salt application group ( Table 7) . In a study conducted by Sarabi et al. (2017) on salt stress using physiological and biochemical parameters, it was reported that the total variance was 97.17% in the PCA analysis and the first principal component explained 66.96 of the variance. Furthermore, Shelke et al. (2017) determined that 82.65% of the total variance of 95.07% was explained by the first principal component. It is considered that in both studies, the researchers were able to increase the variance by working with an excessive number of salt concentrations and the variances could stem from the reactions that plants exhibited indifferent concentrations. In the control group, it was found that 42% of the variance in PC1 was explained by SDW, StA explained 47% of the variance in PC2 and LRCW explained 61% of the variance in PC3, which were the highest ratios. The highest ratio in PC1, which is one of the principal components that occurred under salt stress, was observed with RDW (46%), in PC2, the highest ratio was observed with LN (59%), in PC3, the highest ratio was observed with LRWC (55%) and in PC4, the highest ratio was observed with SDW (49%). SDW and LRWC exhibited the highest variance in 0 and 50 mM, furthermore, SI (17%), which exhibited low variance in 0 mM, reached a higher value due to salt stress (48%) ( Table 7) . Genotypes and varieties were classified in two groups of 0-and 50-mM salt treatment (Fig. 2) ; YYU4, YYU20, YYU21 genotypes and cv. Lokum F1 in the control group and the YYU18, YYU20 genotypes and cv. Kırkağaç in the 50 mM salt treatment group were in the same group and the remaining genotypes and varieties were in the second group. 
Mixture modeling
The number of homogeneous sub-groups for the genotypes was determined with the Gaussian mixture model through the evaluation of inspected properties in order to determine the reactions of melon genotypes to salt stress. Based on all properties scrutinized in the present study and using the smallest AIC and BIC criteria (Yeşilova et al., 2016) , it was determined that genotypes could have 4 homogenous sub-groups under (Table 8) .
Thus, it was found that the correct classification rate of entropy was 98% for 0 mM and 93% for 50 mM. In the control application, based on the sub-group distribution with respect to their traits, it was found that the highest mean values for all other traits except StD were observed in the second and fourth sub-groups, where no significant dispersion was observed in the lowest values and the majority of the lowest means were in the first group ( Table 8) . It was also determined that the high mean values were significantly observed in the first group based on the distribution of the variable means, and the low mean values were in the third group (Table 8) . In other words, it is possible to state that the genotypes and varieties in the first group tend to increase their tolerance against salt stress. Thus, genotypes in the third group could be considered as more susceptible to salt. It was found that the resulting homogeneous sub-groups exhibited variations in distribution of genotypes for 0 mM, and majority of genotypes were in the 1 st and 3 rd sub-groups, where the means were low. Furthermore, based on the mean values obtained with the variables, it was determined that the genotypes and varieties in the first group were tolerant to salt, those in the second group had moderate tolerance, and those in the third group were susceptible to salt under 50 mM salt treatment. Accordingly, it was determined that YYU4, YYU10 and YYU11 genotypes could be susceptible to salt, YYU15, YYU18, YYU23 genotypes and cv. Galia could be medium-tolerant, YYU6, YYU13, YYU14, YYU20, YYU21 and YYU29 genotypes and cv. Kırkağaç F1 and cv. Lokum F1 varieties could be tolerant to salt stress ( Table 9) . 
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Conclusion
Salt stress is one of the most important stress factors for the majority of cultivated plants. Several studies were conducted on the subject. Tolerance to abiotic stress factors such as salinity displays a complex structure, and therefore, makes it difficult to develop tolerant varieties. Tolerance varies between plant varieties and even between variety genotypes. In the present study, it was determined that variations existed between the tolerances of studied genotypes against salt stress based on the examined traits. It was concluded that the examined traits could be used to determine the effect of salt stress, and the conducted correlation analysis demonstrated that there were correlations among various traits. It was found that traits such as leaf number, shoot length, shoot fresh weight and leaf relative water content of all genotypes were adversely affected under salt stress. While stoma length, stoma width and stomatal area decreased under salt stress, it was determined that the stoma intensity increased. It was observed that shoot dry weight, leaf relative water content and were among the traits that best explained the variance both salt stress and the control group in the PCA analysis. Mixture modeling analysis indicated that there was no significant difference between the 0 mM application sub-groups, however, especially in the 50 mM application, the distribution of the lowest and highest mean values of the variables was clearer; hence, the variance between the genotypes and varieties could be determined with mixture modeling analysis based on the reactions they exhibited against salt stress.
